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OPTICAL TRANSMISSION MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2014-107594 filed on May 23, 2014,
the content of which is hereby incorporated by reference to
this application.

TECHNICAL FIELD

The present invention relates to an optical transmission
module for converting electric signals to optical signals, or
converting optical signals to electric signals.

BACKGROUND

The amount of information to be processed in electronic
devices has been increased year by year. Along with the
increase of the amount of information, optical transmission
has been used in information transmission (signal transmis-
sion) at a short distance inside electronic devices. The reason
for using optical interconnections (optical fibers) used in the
optical transmission are that they are thinner, easier to bend,
and more tolerant to noise than metal wires used in electric
transmission. In addition, optical transmission has such an
advantage that power consumption is less than that of electric
transmission, particularly in high-speed transmission.

In such optical transmission, an optical transmission mod-
ule for converting electric signals to optical signals or con-
verting optical signals to electric signals is used. That is, an
optical transmission module with a photoelectric conversion
function is used in the optical transmission. More specifically,
acommunication chip and an optical transmission module are
mounted on a substrate included in an electronic device. Such
an optical transmission module converts electric signals
inputted from the communication chip to optical signals or
converts optical signals inputted externally to electric signals
(Patent Document 1: Japanese Patent Application Laid-Open
Publication No. 2006-23777).

Under these circumstances, the optical transmission mod-
ule used in the optical transmission is required to further
reduce a mounting space or the cost.

SUMMARY

However, many ofthe optical fibers connected to an optical
transmission module are coated by protective resin. Thus,
optical fibers are generally weak against heat. In addition, a
high-precision resin part or adhesive are used at connection
portions between the optical transmission module and optical
fiber, and thus such connection portions are also weak against
heat. Therefore, an electric connector has been used so as to
connect an optical transmission module and a substrate. That
is, the electric connector has been necessary to mount the
optical transmission module on the substrate. Thus, amount-
ing space for the optical transmission module has been
increased, and also the cost has been increased. Particularly,
as to a large optical transmission module of 10 channels (ch)
or more, although influences resulting from an increase of the
mounting space and from an increase of the cost as a result of
using the electric connector become relatively smaller, such
influences resulting from an increase of the mounting space
and from an increase of the cost as a result of using the electric
connector become relatively bigger, as to a small optical
transmission module of several channels (ch).
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A preferred aim of the present invention is to achieve an
optical transmission module that is mountable on a surface of
a substrate and other mounting surfaces without using an
electric connector.

An optical transmission module according to the present
invention is an optical transmission module including an opti-
cal element with a photoelectric conversion function. This
optical transmission module includes: a first member having
a bottom portion and sidewalls, and one surface with an
opening; a second member joined to an end surface of the
sidewall of the first member and sealing the opening of the
first member; a connector member, which is attachable to and
detachable from the second member, having an optical inter-
connection connected thereto; the optical element mounted
on an inner surface of the second member that faces an inner
surface of the bottom portion of the first member; an inter-
connection formed on the inner surface of the second member
and extending inside and outside the first member across the
sidewalls of the first member; and electrodes formed on outer
surfaces of the sidewalls of the first member. The second
member transmits therethrough at least one of light outputted
from the optical element and light to be incident on the optical
element. The connector member converts a traveling direc-
tion of light transmitted through the second member to make
the light incident on the connected optical interconnection, or
converts a traveling direction of light outputted from the
connected optical interconnection to make the light incident
on the second member. One end portion of the electrode is
electrically connected to one end portion of the interconnec-
tion extending outside the first member, and the other end
portion of the electrode is soldered to an interconnection or an
electrode formed on a mounting surface on which the optical
transmission module is mounted.

According to an aspect of the present invention, a plurality
of engaging units for defining a relative positional relation-
ship between the second member and the connector member
are provided.

According to another aspect of the present invention, the
connector member is mounted on an outer surface of the
second member on a side opposite to the inner surface of the
second member. In this aspect, a first engaging unit for defin-
ing a relative positional relationship between the second
member and the connector member in an X direction that is
parallel to the outer surface of the second member is provided,
a second engaging unit for defining a relative positional rela-
tionship between the second member and the connector mem-
ber in aY direction that is parallel to the outer surface of the
second member and orthogonal to the X direction is provided,
and a third engaging unit for defining a relative positional
relationship between the second member and the connector
member in a Z direction that is perpendicular to the outer
surface of the second member is provided.

According to still another aspect of the present invention,
each of the first engaging unit and the second engaging unit
includes a concave and a convex formed on the outer surface
of the second member and on a bottom surface of the connec-
tor member facing the outer surface. The third engaging unit
is formed integrally with the connector member, and includes
a claw that is engageable with and releasable from the second
member.

According to still another aspect of the present invention,
each of the first engaging unit and the second engaging unit
includes a groove that is formed on the outer surface of the
second member, and a protrusion that is formed on the bottom
surface of the connector member and fitted with the groove.
The claw included in the third engaging unit is elastically
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deformableto be into a state of being engaged with the second
member and a state of being released from engagement with
the second member.

According to still another aspect of the present invention,
each of the first engaging unit and the second engaging unit
includes a concave and a convex formed on the outer surface
of the second member, and a bottom surface of the connector
member facing the outer surface. The third engaging unit
includes a fixture which is provided across the second mem-
ber and the connector member and separated from the con-
nector member.

According to the present invention, without using an elec-
tric connector, an optical transmission module that is mount-
able on a surface of a substrate and other mounting surfaces is
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating an example of an
optical transmission module in which the present invention is
used;

FIG. 2 is an exploded perspective view of the optical trans-
mission module illustrated in FIG. 1;

FIG. 3 is a bottom perspective view of the optical trans-
mission module illustrated in FIG. 1;

FIG. 4 is a cross-sectional view taken along the line A-A
illustrated in FIG. 1;

FIG. 5 is an enlarged plan view of an inner surface of a
second member;

FIG. 6 is a cross-sectional view taken along the line B-B
illustrated in FIG. 5;

FIG. 7 is a plan view of an outer surface of the second
member;

FIG. 8 is a cross-sectional view illustrating a state of
mounting the optical transmission module illustrated in FIG.
1

FIG. 9 is a cross-sectional view illustrating another
example of the optical transmission module in which the
present invention is used; and

FIG. 10 is a cross-sectional view illustrating another
example of the optical transmission module in which the
present invention is used.

DETAILED DESCRIPTION

Hereinafter, an example of an embodiment of the present
invention will be described in detail with reference to the
drawings. An optical transmission module 1 illustrated in
FIG. 1 is an example of an optical transmission module in
which the present invention is used.

The optical transmission module 1 illustrated in FIG. 1
includes a first member 10, a second member 20 and a con-
nector member 30. The first member 10 and the second mem-
ber 20 are formed of only an inorganic material. More spe-
cifically, the first member 20 and the second member 20 are
formed of silicon (Si). On the other hand, the connector 30 is
formed of a resin material.

As illustrated in FIG. 2, the first member 10 has a bottom
portion 11 and sidewalls 12, and is formed in a box shape
having one surface with an opening. In other words, the first
member 10 has the bottom portion 11, the sidewalls 12, and an
opening 13. Further, on an outer surface of the two facing
sidewalls 12 of the first member 10, a plurality of electrodes
14 are formed. More specifically, electrodes 14a, 145 and 14¢
are formed on an outer surface of one of the sidewalls 12, and
electrodes 14d, electrodes 14e and 14f are formed on an outer
surface of the other one of the sidewalls 12.
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In the following description, the sidewall 12 of the first
member 10 on which the electrodes 14a, 145 and 14c¢ are
formed will be called “right sidewall 15” in some cases, and
the sidewall 12 of the first member 10 on which the electrodes
14d, 14¢ and 14f are formed will be called “left sidewall 16”
in some cases. In addition, an outer surface of the right side-
wall 15 will be called “outer surface 154" in some cases and
an outer surface of the left sidewall 16 will be called “outer
surface 16a” in some cases. Meanwhile, the four sidewalls of
the first member 10 including the right sidewall 15 and the left
sidewall 16 will be collectively called “sidewalls 12 in some
cases. Further, the outer surface of the sidewalls 12 including
the outer surface 15a and the outer surface 16a will be col-
lectively called “outer surface of sidewall” in some cases.
Moreover, the electrodes 14a to 14fwill be collectively called
“electrodes 14” in some cases.

The electrodes 14 include concave grooves, having a semi-
circular arc-shaped cross section, formed on the outer sur-
faces 154 and 164, and a conductive layer formed on the
surfaces of the concave grooves. Each of the electrodes 14
extends in a height direction of the sidewalls 12 (top-bottom
direction in FIG. 2), having one end that reaches an end
surface 12a of the sidewall 12 (FIG. 2) and the other end that
reaches an outer surface 115 of the bottom portion 11 (FIG.
3). Note that the connector member 30 illustrated in FIGS. 1
and 2 is not illustrated in FIG. 3.

As illustrated in FIGS. 1 and 2, the second member 20 is a
plate-like member in a substantially rectangular shape and
joined to the end surface 12a of the sidewall 12 to seal the
opening 13 of the first member 10. Thus, as illustrated in FIG.
4, a closed space 17 is formed inside the first member 10. The
second member 20 of the present embodiment is directly
joined to the sidewall end surface 12a of the first member 10
by plasma activation low-temperature joint. Thus, the open-
ing 13 of'the first member 10 illustrated in FIG. 2 is air-tightly
sealed by the second member 20. In other words, the closed
space 17 illustrated in FIG. 4 is an air-tight space.

As illustrated in FIG. 4, an inner surface 20a of the second
member 20 faces an inner surface 11a of the bottom portion
11 of the first member 10. In other words, of two main sur-
faces of the second member 20, the main surface facing the
bottom portion inner surface 11a of the first member 10 is the
inner surface 20a, and the main surface on the side opposite to
the inner surface 20a is an outer surface 205. Here, the second
member 20 is preferable to be the same in size as the first
member 10 or slightly larger than the first member 10. The
second member 20 according to the present embodiment is
slightly larger than the first member 10. Thus, a rim portion 21
of the second member 20 joined to the sidewall end surface
12a (FIG. 2) of the first member 10 is protruded in a flange-
like manner to the outside of the first member 10.

FIG. 5 is an enlarged plan view schematically illustrating
the inner surface 20a of the second member 20. As illustrated
in FIG. 5, on the inner surface 20a of the second member 20,
an optical element with a photoelectric conversion function
(“the light-emitting element 40” in the specification) and a
driver element 41 which drives the light-emitting element 40
are flip-chip mounted, and they are electrically connected to
each other.

As illustrated in FIG. 4, the light-emitting element 40 and
the driver element 41, both of which are mounted on the inner
surface 20a of the second member 20, are disposed inside the
first member 10. That is, the light-emitting element 40 and the
driver element 41 are contained in the closed space 17 that is
air-tightly sealed by the second member 20. The light-emit-
ting element 40 according to the present embodiment is a
vertical cavity surface emitting laser (VCSEL) and its light-
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output surface faces the inner surface 20a of the second
member 20. Meanwhile, the second member 20 has an optical
characteristic of transmitting light outputted from the light-
emitting element 40 therethrough. That is, the second mem-
ber 20 is transparent to a wavelength of the light outputted
from the light-emitting element 40. Note that, a central wave-
length of the light outputted from the light-emitting element
40 in the present embodiment is 1050 nm. However, the
phrase “the second member 20 is transparent to a wavelength
of the light outputted from the light-emitting element 40”
does not only refer to transmitting the light outputted from the
light-emitting element 40 therethrough without loss. When
the light, which is outputted from the light-emitting element
40 and transmitted through the second member 20, maintains
the necessary and sufficient optical intensity (signal inten-
sity), the second member 20 is transparent to the wavelength
of the light outputted from the light-emitting element 40.

Referring to FIG. 5 again, on the inner surface 20a of the
second member 20, a plurality of interconnections 22 for
connecting the driver element 41 and a predetermined elec-
trode 14 (FIG. 2) are formed. More specifically, on the inner
surface 20a of the second member 20, at least interconnec-
tions 22a, 22b, 22¢, 22d, 22e¢ and 22f are formed. Each of the
interconnections extends between the driver element 41 dis-
posed at substantially the center of the inner surface 20a of the
second member 20 and a rim (longer side) of the inner surface
20a, and some of the interconnections 22 reach the rim of the
inner surface 20a while going around the light-emitting ele-
ment 40. Note that the interconnection pattern illustrated in
FIG. 5 is merely an example.

Further, on the inner surface 20a of the second member 20,
an insulating layer 23 in a frame-like shape is formed. The
insulating layer 23 is formed inside the rim portion 21 of the
second member 20 along the rim portion 21, and partially
crossed with the interconnections 22. As illustrated in FIG. 6,
the insulating layer 23 covers the interconnections 22 at
crossing portions crossed with each of the interconnections
22. The insulating layer 23 has substantially the same shape
and size as those of the sidewall end surface 12a (FIG. 2) of
the first member 10. The sidewall end surface 12« is joined to
a surface of the insulating layer 23. That is, an area around the
insulating layer 23 illustrated in FIG. 5 is the rim portion 21 of
the second member 20. Note that the insulating layer 23 in the
present embodiment is formed of silicon dioxide (Si0,).

As illustrated in FIG. 5, each of the interconnections 22
reaches the rim of the inner surface 204 of the second member
20 over the rim portion 21 of the second member 20. In other
words, each of the interconnections 22 extends inside and
outside of the first member 10 across the right sidewall 15 and
the left sidewall 16 (FIG. 2) of the first member 10. As
illustrated in FIG. 3, one end portion of each of the intercon-
nections 22 extending outside the first member 10 is con-
nected to the electrode 14 to be electrically conducted thereto.
In the present embodiment, an end portion of each of the
interconnections 22 and an end portion of each of the elec-
trodes 14 are soldered. More specifically, as illustrated in
FIG. 5, one end portion of each of the interconnections 22 is
connected to the driver element 41. On the other hand, the
other end portion of the interconnection 224 is connected to
the electrode 14a, the other end portion of the interconnection
22b is connected to the electrode 145, and the other end
portion of the interconnection 22¢ is connected to the elec-
trode 14¢. In addition, the other end portion of the intercon-
nection 22d is connected to the electrode 144, the other end
portion of the interconnection 22e is connected to the elec-
trode 14¢, and the other end portion of the interconnection 22f°
is connected to the electrode 14f. Note that, in the present
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6

embodiment, the electrodes 14a, 145, 14d and 14e are used
for signals, and the electrode 14fis used for power source, and
the electrode 14c¢ is used for the ground.

As illustrated in FIG. 1, on the outer surface 205 of the
second member 20, a connector member 30 that is separated
from the first member 10 and the second member 20 is
mounted. As illustrated in FIG. 2, the connector member 30 is
mounted on the second member 20 such that a bottom surface
305 of the connector member 30 faces the outer surface 205 of
the second member 20. Note that the connector member 30 is
not permanently fixed to the second member 20, but attach-
able to and detachable from the second member 20. On the
other hand, on an upper surface 30a of the connector member
30 on the side opposite to the bottom surface 304, a fiber-
holding member 44 attached to an end portion of the optical
fiber 43 is mounted and fixed thereto. The fiber holding mem-
ber 44 has a lower member 44q having a V-groove formed
therein and in which the optical fibers 43 are disposed, and
has an upper member 445 laminated on the lower member
44a and holding the optical fibers 43 between the lower
member 44a and the upper member 445.

As illustrated in FIG. 4, the connector member 30 has a
collecting lens 31 and a mirror 32, and converts a travelling
direction of the light that is outputted from the light-emitting
element 40 and transmitted through the second member 20 by
90 degrees to make the light incident on the optical fiber 43.
That is, the connector member 30 optically couples the light-
emitting element 40 and the optical fiber 43.

In the optical transmission module 1 according to the first
embodiment, a plurality of engaging units are provided for
defining a relative position relationship between the second
member 20 and the connector member 30 so that the light-
emitting element 40 and the optical fiber 43 are efficiently
optically-coupled. Hereinafter, the engaging unit will be
described more specifically.

As illustrated in FIG. 2, on the outer surface 205 of the
second member 20, a V-groove 33a included in a first engag-
ing unit is formed. A protrusion 335 included in the first
engaging unit together with the V-groove 33a is formed on the
bottom surface 305 of the connector member 30. Also, on the
outer surface 205 of the second member 20, a V-groove 34a
included in a second engaging unit is formed. A protrusion
3454 included in the second engaging unit together with the
V-groove 34a is formed on the bottom surface 305 of the
connector member 30. That is, the first engaging unit and the
second engaging unit include a plurality of concaves and
convexes formed on the outer surface 205 of the second
member 20 and on the bottom surface 305 of the connector
member 30 facing the outer surface 205. Further, in the con-
nector member 30, a pair of claws 35a and 355 included in a
third engaging unit are integrally formed. As described later,
the claws 35a and 355 are engageable with and releasable
from the second member 20.

As illustrated in FIGS. 2 and 7, the V-groove 33a included
in the first engaging unit extends in parallel with the longitu-
dinal direction of the second member 20. The V-groove 34a
included in the second engaging unit extends in a direction
orthogonal to the V-groove 33a. In addition, as illustrated in
FIG. 2, the protrusion 334 included in the first engaging unit
extends in the same direction as the V-groove 33a. The pro-
trusion 344 included in the second engaging unit extends in
the same direction as the V-groove 34a. In the following
description, the direction in which the V-groove 33a and the
protrusion 335 included in the first engaging unit extend is
defined as “Y direction”, the direction in which the V-groove
34a and the protrusion 345 included in the second engaging
unit extend is defined as “X direction”, and the direction that
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is orthogonal to theY direction and the X direction is defined
as “Z direction”. In other words, the Y and X directions are
parallel to the outer surface 2056 of the second member 20
while the Z direction is perpendicular to the outer surface 206
of the second member 20.

As illustrated in FIG. 2, a pair of claws 35a and 356
included in the third engaging unit are respectively provided
at both sides in the X direction of the connector member 30,
and they face each other. In addition, an engaging protrusion
36 protruded towards the inside of the X direction is provided
at a tip (bottom end) of each of the claws 35a and 355.

As illustrated in FIG. 4, when the connector member 30 is
mounted on the second member 20, the protrusions 335 and
345 protruded from the bottom surface 305 of the connector
member 30 are fitted with the V-grooves 33a and 344 formed
on the outer surface 205 of the second member 20, respec-
tively. Then, the V-groove 33a and the protrusion 335 fitted
with the V-groove 33a limit shifting in the X direction of the
connector member 30 with respect to the second member 20.
That is, the relative positional relationship in the X direction
between the second member 20 and the connector member 30
is defined. Also, the V-groove 34a and the protrusion 345
fitted with the V-groove 34a limit shifting in the Y direction of
the connector member 30 with respect to the second member
20. That is, the relative positional relationship in the Y direc-
tion between the second member 20 and the connector mem-
ber 30 is defined.

Atthe same time, the claws 354 and 3556 extending from the
connector member 30 are engaged with the second member
20. Then, by the claws 35a and 356 provided across the
connector member 30 and the second member 20, shifting in
the Z direction of the connector member 30 with respect to the
second member 20 is limited. That is, the relative positional
relationship in the Z direction between the second member 20
and the connector member 30 is defined. More specifically, a
tapered surface is provided to each of the engaging protru-
sions 36 of the claws 354 and 35b. When the connector
member 30 is mounted on the second member 20, the tapered
surface of each of the engaging protrusions 36 abuts a rim
(corner) of the outer surface 205 of the second member 20.
Then, when the connector member 30 is pressed against the
second member 20, each of the claws 35a and 355 is elasti-
cally deformed towards the outside in the X direction. That is,
the interval between the protrusion 36 of the claw 354 on one
side and the protrusion 36 of the claw 355 on the other side
extends. When the connector member 30 is further pressed
against the second member 20, each of the protrusions 36 of
the claws 35a and 355 passes the side surface of the second
member 20 and reaches the inner surface 20a side of the
second member 20. Then, each of the claws 35a and 355 is
elastically deformed towards the inside in the X direction by
the elastic restoring force of the claws 354 and 355, thereby
engaging each of the engaging protrusions 36 with the second
member 20. More specifically, each of the protrusions 36 is
engaged with the rim portion 21 of the second member 20.

As described above, positioning of the connector member
30 mounted on the second member 20 is decided in three
directions of'the X,Y and Z directions by the first, second and
third engaging units. Note that it is clear that the engagement
between the claws 35a and 355 and the second member 20 is
released when each of the claws 35a and 355 is elastically
deformed towards the outside in the X direction. That is, the
claws 35a and 355 are elastically deformable to be into a state
of being engaged with the second member 20 and a state of
being released from engagement with the second member 20.

FIG. 8 illustrates the optical transmission module 1
mounted on a substrate 50 included in an electronic device.
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Upon mounting the optical transmission module 1 on the
substrate 50, the first member 10 and the second member 20
integrated together are mounted on a substrate surface 51
while the first member 10 is thereunder. Then, the bottom-
portion outer surface 115 of the first member 10 faces the
substrate surface 51 that is the mounting surface. Here, the
plurality of electrodes 14 are formed on the right sidewall 15
and the left sidewall 16 of the first member 10, and one ends
of the electrodes 14 reach the bottom-portion outer surface
115. Thus, by soldering the electrodes 14 included in the first
member 10 and the interconnections 52 formed on the sub-
strate surface 51, the electrodes 14 and the interconnections
52 can be electrically connected. More specifically, by sol-
dering the entire bottom of the first member 10 to the substrate
surface 51, the first member 10 and the second member 20 are
fixed to the substrate surface 51, and the electrodes 14 and the
interconnections 52 are electrically connected by a meniscus
53 of solder formed between the electrodes 14 and the inter-
connections 52.

After fixing the first member 10 and the second member 20
to the substrate 50 as described above, the connector member
30 to which the fiber-holding portion 44 for holding the
optical fiber 43 is fixed is mounted on the second member 20.
However, the fiber holding member 44 may be fixed to the
connector member 30 after the connector member 30 is
mounted on the second member 20.

As described above, the optical transmission module 1
according to the present embodiment can be directly mounted
on amounting surface without using any electric connectors.
Thus, the mounting space is reduced and the cost can be
reduced.

Further, as the first member 10 and the second member 20
of the present embodiment are formed of only an inorganic
material, any organic solvent etc. are not vaporized even when
the first member 10 and the second member 20 are heated. In
addition, as the closed space 17 which contains the light-
emitting element 40 and the driver element 41 is air-tightly
sealed, vaporized organic solvent and flux are not allowed to
penetrate the closed space 17. Thus, a reflow method can be
introduced to soldering of the electrodes 14 and the intercon-
nections 22 (FIG. 3).

Further, the connector member 30 according to the present
embodiment is attachable to and detachable from the second
member 20. In other words, after the electrodes 14 and the
interconnections 52 are soldered as illustrated in FIG. 8, the
connector member 30 can be attached to the second member
20. That is, since there is no possibility of damaging a joining
portion between the optical fiber 43 or the connector member
30 and the fiber-holding member 44 due to the heat generated
upon soldering of the electrodes 14 and the interconnections
52, the reflow method can be also introduced to soldering of
the electrodes 14 and the interconnections 52.

In addition, as the closed space 17 which contains the
light-emitting element 40 and the driver element 41 is air-
tightly sealed, even when being used in such an environment
like high-temperature and high-pressure, moisture and gas
(including air) are not penetrated into the closed space 17.
However, depending on usage and manufacturing environ-
ments, it is sufficient as long as the closed space 17 is sealed,
and thus the closed space 17 may not always be air-tightly
sealed.

The present invention is not limited to the foregoing
embodiments and various modifications and alterations can
be made within the scope of the present invention. For
example, the optical element included in the optical transmis-
sion module according to the present embodiment is a light-
emitting element. However, the optical element includes both
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a light-emitting element and a light-receiving element. Thus,
as to an optical transmission module provided with a light-
receiving element in place of a light-emitting element and an
optical transmission module provided with both of the light-
emitting element and the light-receiving element, such opti-
cal transmission modules are also included within a technical
scope of the present invention. Note that, if the light-receiving
element is provided, an amplifier element for amplifying an
output of the light-receiving element is also provided.

Further, in place of an optical fiber, an optical waveguide,
which is formed in a film-like manner with flexibility, can be
used. Optical fibers and optical waveguides are optical inter-
connections forming an optical transmission path.

When a reflow soldering and other heating processes are
included in the manufacturing process, it is preferable to use
inorganic materials as the materials of the first member 10 and
the second member 20, but such materials are not limited to
inorganic materials. Also, when the materials of the first and
second members are inorganic, the inorganic material is not
limited to silicon (Si) and a glass material may be used, for
example. However, the material of the second member is
required to have optical characteristics which transmit light
outputted from a light-emitting element or light to be incident
on a light-receiving element therethrough.

The material of the connector member is not limited to a
resin material, and a glass material may be used, for example.
When a glass material or other hard materials are used as the
material of the connector member, it is sometimes difficult to
integrally form the claws 35a and 355 (FIG. 2) in the above-
described embodiment. In such a case, it is preferable to form
the third engaging unit by a fixture that is separated from the
connector member. FIG. 9 illustrates an example of a fixture
60 is separated from the connector member 30. The illustrated
fixture 60 is a clip formed of a synthetic resin and attached to
the second member 20 and the connector member 30 across
the second member 20 and the connector member 30. More
specifically, an engaging protrusion 60a formed in one end of
the fixture 60 is engaged with the second member 20, and an
engaging protrusion 605 formed in the other end of the fixture
60 is engaged with the fiber-holding member 44 that is fixed
to the connector member 30. Note that material of the fixture
60 illustrated in FIG. 9 is not limited to synthetic resin. For
example, a fixture having the same or substantially same
shape and function as those of the fixture 60 illustrated in FIG.
9 can be formed of a plate metal. Note that, also in such a case
that material of the connector member is a resin material, the
second member and the connector member can be fixed by a
fixture that is separated from the connector member.

Moreover, as illustrated in FIG. 10, there is another
embodiment that the engaging protrusions 36 of the claws
35a and 3554 are engaged with the engaging concave portions
formed on the sidewalls 12 of the first member 10, respec-
tively. In such an embodiment, the rim portion 21 (FIG. 4) of
the second member 20 can be omitted. That is, the second
member 20 can be the same size as the first member 10. Thus,
the optical transmission module 1 can be further reduced in
size. In addition, since it makes more difficult to apply stress
to the joining surface of the first member 10 and the second
member 20, the joining reliability is improved.

A collimate lens may be provided to the second member,
and the light-collecting lens 31 (FIG. 4) of the present
embodiment may be changed to the collimate lens. By adopt-
ing a two-lens system like this, tolerance to position shifting
can be improved.

The mounting surface on which the optical transmission
module of the present invention is mounted is not limited to a
surface of a substrate included in an electronic device. For

30

40

45

50

10

example, the optical transmission module according to the
present invention can be mounted on an electronic compo-
nent. In this case, a package surface, etc. of the electronic
component on which the optical transmission module is
mounted is a mounting surface.

What is claimed is:

1. An optical transmission module including an optical
element with a photoelectric conversion function, the optical
transmission module comprising:

a first member having a bottom portion and sidewalls, and

one surface with an opening;

a second member joined to each end surface of the side-
walls of the first member and sealing the opening of the
first member;

a connector member, which is attachable to and detachable
from the second member, having an optical interconnec-
tion connected thereto;

the optical element mounted on an inner surface of the
second member that faces an inner surface of the bottom
portion of the first member;

interconnections formed on the inner surface of the second
member and extending inside and outside the first mem-
ber across the sidewalls of the first member; and

electrodes formed on outer surfaces of the sidewalls of the
first member,

wherein the second member transmits therethrough at least
one of light outputted from the optical element and light
to be incident on the optical element,

the connector member converts a traveling direction of
light transmitted through the second member to make
the light incident on the connected optical interconnec-
tion, or converts a traveling direction of light outputted
from the connected optical interconnection to make the
light incident on the second member,

first end portions of the electrodes are electrically con-
nected to end portions of corresponding interconnec-
tions extending outside the first member, and

second end portions of the electrodes are soldered to inter-
connections or electrodes formed on a mounting surface
on which the optical transmission module is mounted.

2. The optical transmission module according to claim 1,
comprising a plurality of engaging units for defining a relative
positional relationship between the second member and the
connector member.

3. The optical transmission module according to claim 2,

wherein the connector member is mounted on an outer
surface of the second member on a side opposite to the
inner surface of the second member,

the optical transmission module further includes:

a first engaging unit for defining a relative positional rela-
tionship between the second member and the connector
member in an X direction that is parallel to the outer
surface of the second member;

a second engaging unit for defining a relative positional
relationship between the second member and the con-
nector member in a Y direction that is parallel to the
outer surface of the second member and orthogonal to
the X direction; and

a third engaging unit for defining a relative positional rela-
tionship between the second member and the connector
member in a Z direction that is perpendicular to the outer
surface of the second member.

4. The optical transmission module according to claim 3,

wherein each of the first engaging unit and the second
engaging unit includes a concave and a convex formed
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respectively on the outer surface of the second member
and on a bottom surface of the connector member facing
the outer surface, and

the third engaging unit is formed integrally with the con-
nector member, and includes a claw that is engageable
with and releasable from the second member.

5. The optical transmission module according to claim 4,

wherein each of the first engaging unit and the second
engaging unit includes a groove that is formed on the
outer surface of the second member, and a protrusion
that is formed on the bottom surface of the connector
member and fitted with the groove, and

the claw included in the third engaging unit is elastically
deformable to be into a state of being engaged with the
second member and a state of being released from
engagement with the second member.

6. The optical transmission module according to claim 3,

wherein each of the first engaging unit and the second
engaging unit includes a concave and a convex formed
respectively on the outer surface of the second member,
and abottom surface ofthe connector member facing the
outer surface, and

the third engaging unit includes a fixture which is provided
across the second member and the connector member,
and separated from the connector member.
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